Abstrak
Neuron cells are needed for in vitro neurobiology studies such as neurotoxicology studies, molecular signaling pathway and pathogenesis studies of neurodegenerative.
1,2 Neuron cell can be obtained from a primary neuron or neuronal cell lines, depend on the aim of the study because both are not equivalent. The limited proliferation capacity of primary neurons necessitates further study to optimize neurons isolation techniques.
In developing and adult mammalian brain, there are NPCs that maintain the regeneration process of neuronal cells. NPCs are multipotent cells committed to the neural lineage that can self-renew, proliferate and differentiate so it can be expanded in vitro. 3, 4 NPCs are normally quiescent and reside within specific niche including subventricular zone (SVZ) of the lateral ventricle, the subgranular zone of the dentate gyrus (DG) of the hippocampus and periventricular region surrounding the central canal of spinal cord. 5, 6 Various methods are performed to obtain NPCs from cortical, hippocampal and whole brain of adult, neonatal and prenatal rat. 5, [7] [8] [9] Each method has some effectiveness and advantages which is different. Isolation NPCs from specific region need high skill, the dissecting tool and stereomicroscope to cut SVZ and DG area of the one adult rat brain. 5, 9 This study aimed to develop an easy and practical protocol for NPCs isolation. Preparing Ficoll gradient; 5 mL 35% Ficoll in the 15 tubes, add 5 mL 60% Ficoll at the bottom of the tube with 10 mL pipette volume with slowly and add 1 mL of cells suspension (A), carefully insert the tube into the centrifuge and centrifuged at 1800xg for 10 minutes. Remove fraction 2,4, 5 and add 10 mL HBSS-glucose, then centrifuge at 1100xg for 5 minutes. Remove the supernatant and resuspended pellet with 1 mL culture medium.
METHODS
The next step of sorting is pre-plating the cells suspension in the 35 mm (2 pcs) dish with poly-D-lysine 100 µg/mL coated pre-plating dish for 10 minutes in a 5% CO2 37°C repeat 2 times. Coated poly-D-lysine 100 µg/mL for 24 hrs before used and rinse with PBS 2 times. Taking the cells suspension and centrifuged 200xg for 5 minutes. Add 6 mL culture medium with cells resuspended, counting cells, seeding at 12 well @500 µl and characterized with flow cytometry.
Culture. Culture medium supplemented with fetal bovine serum 5% (FBS, Sigma), supplement N2 1% (Sigma) dan gentamicin 50 µg/mL (Sigma). The cells suspension were incubated at 37 0 C and 5% CO 2 . The medium replacement was done every two days. After 4 days of culture, cells were characterization with immunocytochemistry. 
Immunocytochemistry

RESULTS
In this methods were used scissors and tweezers to lift the whole brain. It was done after the decontamination process in the BSC. Scissors are used to cutting the skin and skull while tweezers are used to removing dura meter and whole brain (Figure 1) . This study are using 2 principles of the methods. First, the cells isolation were performed using enzymatic digestion and second, gradient centrifugation. It was used 35% and 65% concentration of Ficoll and 1 mL of cells suspension, then centrifuge at 1800 g for 10 minutes. After centrifugation, discard the supernatant and the pellet (fraction 5) suspended by culture medium to terminate the digestion (Figure 2 ).
Cell suspension filtered with a nylon mesh (pore 70 µm) before pre-plated in the plate that has been coated by poly-D-lysine. Pre-platting was done twice to get NPCs, in the 0 day, the morphology of NPCs still round shape ( Figure 3A ). After 4 days culture, NPCs morphology already bipolar ( Figure 3B ).
Characterization was done after 4 days culture in 37 o C and 5% CO 2 . Immunocytochemistry staining with primary antibody rabbit anti-rat polyclonal MAP2 and NeuN (1: 50) was added to coloring the existing protein marker in the nuclei (NeuN) and the cytoplasm (MAP2).
Characterization also was done by identifying specific surface protein expression of NPCs by flow cytometry. Specific marker for verification of NPCs derived from whole brain post-natal rat were PSANCAM + and A2B5 -. At 0-day culture, verification was done. After 4 days culture, the expression of PSANCAM + and A2B5 -decreased (data not showed). -tubulin marker) . 7, 9 Tools that used isolation the cortex more complicated than the whole brain such as scissors, microsurgical tweezers, and stereomicroscope. In this protocol, we just need two tweezers and one scissor. Isolation was done at BSC to minimize contamination when culture. We got 97% purity of NPCs with this method ( Figure  5 ). This protocol more easy, simple and effective because not need expensive tools so can be done by the laboratory with minimum equipment.
The enzyme used for dissociation brain tissue in this protocol is trypsin. This enzyme is quite easy to get and is cheaper than another enzyme that used by other protocol such as papain, DNase or dissociation kit. Selection of enzyme affects the time of dissociation step. Using with papain or DNase 1 take 20-30 minutes. 9 The dissociation step in this study was shorter in duration than previous studies.
This step very influences the cells viability that will be collected. The cells viability also affected by termination after the digestion process. In this protocol culture medium (5% FBS) used to terminate the digestion but Xu et. al. use 1 mL FBS to terminate. 9 Although this study used fewer concentrations of FBS but the effectiveness of stopping the work of enzyme did not decrease. It showed that after dissociation the viability and morphology of NPCs were still good (Figure 3 ).
For increasing and purifying the yield of progenitor neuron were be replated twice with poly-D-lysine (P-DL) (100µg/mL) for 10 minutes, in this study. The repetition was done to separate astrocytes, heavier cells, and NPCs. Astrocytes and heavier cells will settle down and adherent to the dish faster than NPCs. Lee et. al. (2009) and Xu et. al. (2012) were managed to pre-plating with coating dish with poly-D-lysine and L-polylysine (L-PLL) for 20 minutes. 7, 9 Extracellular matrix (ECM) e.g P-DL and L-PLL provides support to enhance NPCs expansion and differentiation. [10] [11] [12] They also function as adhesive substance so NPCs easily attached and detached; for further replating we only using pipetting up and down to agitate the cells.
After isolation, the cells viability, proliferation and differentiation ability of NPCs depend on the culture medium, temperature, pH and gas. Culture medium contains various growth factor are nutrient which is needed for proliferation and differentiation by NPCs. Xu et al. and Lee et. al. used neurobasal medium supplemented with B27, 10% FBS and GlutaMAX for culturing NPCs. 7, 9 In this protocol we used neurobasal medium supplemented with N2 and 5 % FBS. In the FBS, there are a lot of growth factor such neurotrophic factor that can maintain NPCs. Supplements such as B27 and N2 are consists of glycoprotein and chemical to support the metabolism and molecular signaling of NPCs. 13, 14 Its showed by validation the purity of cell that collected are more than 95% positive with PSANCAM marker on day 0.
In this research, characterization of NPCs was done with antigenic markers such as PSANCAM, A2B5, Neun, and MAP2. NPCs isolation using PSANCAM + fraction that contains committed neuronal precursors. 15 Azari et. al. report that isolation of immature neuronal cells from the adult mouse subventricular zone (SVZ) can using marker PSANCAM + and using marker A2B5 -to increase pure population of immature neuron population as marker of immature glial cells. 16 In conclusion, it's successfully developed the easy and practical method to isolate NPCs from the whole brain of post-natal rat with high viability and purity.
